P
eople living with HIV (PHIV) are at a 4.5-fold increased risk for sudden cardiac death (SCD). 1 The mechanisms involved in the increase in SCD in PHIV are incompletely understood but are likely related, in part, to the increase in the prevalence of heart failure (HF) and coronary artery disease (CAD). [2] [3] [4] For example, PHIV taking antiretroviral therapy (ART) experience rates of incident HF that are 50% to 200% higher than matched uninfected controls. [5] [6] [7] Implantable cardioverter-defibrillators (ICDs) are a standard intervention for both the primary and secondary prevention of SCD. 8, 9 However, despite the increased risk of SCD among PHIV and the established role of ICDs in preventing SCD in appropriate patients, there are limited contemporary data on the use of ICDs among PHIV. Data before the era of effective ART suggested that PHIV during that period were less likely to receive an ICD because of shorter lifespans or concerns related to infectious complications. 10 These concerns are largely resolved, and current studies suggest a lower risk of infectious complications. 11, 12 Therefore, the aim of this study was to add to the limited data on the incidence, predictors, and outcomes of an ICD discharge among PHIV. 13 
Methods

Study Design and Patient Population
After obtaining Institutional Board Review approval, we created a registry of all patients admitted to a single academic center in 2011 with decompensated HF (BronxLebanon Hospital Center of Icahn School of Medicine at Mount Sinai, Bronx, NY). The requirement for obtaining the consent was waived. The primary aim of the registry was to compare outcomes and predictors of HF outcomes among PHIV and controls. From this registry, we identified those patients with an ICD. The diagnosis of HIV as well as other clinically relevant variables were ascertained through manual review of each of the individual electronic health records (EHRs). The requests for data, analytic methods, and study materials availability to other researchers for purposes of reproducing the results or replicating the procedure will be considered.
Covariates
Baseline data were collected from EHRs from the time of the index HF hospitalization. These data included the following: the presence of hypertension, dyslipidemia, diabetes mellitus, CAD, family history of CAD, body mass index, left ventricular ejection fraction, prior or active cigarette smoking, and prior or active cocaine use. Medication use was recorded from the date of discharge from the index HF hospitalization. HIV-specific parameters (CD4 cell count, viral load, ART, and duration of therapy) were recorded from those available closest to the time of discharge from the index HF hospitalization.
Outcomes
The follow-up period began on the date of discharge from the index HF hospitalization in 2011. The outcome of interest was an ICD discharge that was classified as appropriate if the intervention was a result of ventricular tachyarrhythmia, per established criteria. 14, 15 If the device delivered the first therapy for a sustained ventricular arrhythmia, it was considered appropriate therapy; and if the therapy was delivered for a supraventricular arrhythmia or for an episode of oversensing, it was considered inappropriate therapy. We also obtained data on antitachycardia pacing (ATP). Review of ICD data was performed at 3-to 6-month intervals via clinic visits or through transmitted ICD data by a board-certified electrophysiologist.
The interpretation of the ICD data was derived from the EHR and was not independently reviewed. We next tested the effect of an ICD discharge on subsequent cardiovascular mortality and repeated HF admission among PHIV. The effect of an ICD discharge on subsequent cardiovascular mortality and repeated HF admission was tested among all PHIV and stratified by sex, race, and ethnicity. Cardiovascular mortality was defined as death attributable to HF, SCD, arrhythmias, and acute ischemic events. 16 Death was determined through the Social Security Death Index, and cause of death was confirmed by physician-adjudicated individual EHR review. An HF admission was ascertained through physician-adjudicated individual EHR review using previously defined criteria. 17 The HF readmission was after ICD discharge for individuals who experienced ICD discharge and was from index hospitalization for patients who did not experience an ICD discharge.
Statistical Analysis
Continuous variables were presented as mean and SD or median (interquartile range), based on normality, and categorical variables were presented as percentages. Continuous data were compared using unpaired Student t tests or Wilcoxon rank-sum tests, as appropriate. Categorical data were compared using the v 2 or the Fisher exact test. Survival curves were plotted using Kaplan-Meier curves. Univariate analyses were performed to determine the association between covariates and ICD discharge. The CD4 cell count was included as a continuous variable, and the viral load was included as a binary variable (suppressed, <200 copies/mL; or nonsuppressed, ≥200 copies/mL). Because CD4 cell count and viral suppression are colinear, CD4 cell count only was included in the model. Exact logistic regression was then used to screen covariates for their association with the outcome. Covariates with bivariate P<0.01 were considered for inclusion in the multivariable logistic regression models. Statistical significance was otherwise defined using a 2-tailed P<0.05. Statistical analyses were performed using SAS, version 9.4, statistical software.
Results
Demographics and Characteristics
The entire study cohort consisted of 2578 patients admitted in 2011 with HF. The final study group included 353
Clinical Perspective
What Is New?
• Implantable cardioverter-defibrillator discharge rates are higher among people living with HIV with heart failure compared with uninfected controls with heart failure.
• The increased rates of implantable cardioverter-defibrillator discharge were associated with higher use of cocaine among people living with HIV.
• Implantable cardioverter-defibrillator discharge among people living with HIV was associated with markedly increased heart failure hospitalization and cardiovascular mortality.
What Are the Clinical Implications?
• The people living with HIV and heart failure are at increased arrhythmia risk, and future studies are warranted in this high-risk group.
individuals with an ICD, of which 27 (7%) were observed in a different hospital or lost to follow-up, and therefore were excluded from the final data analysis. 
ICD Therapy
The mean detection rate triggering shock therapies was 217 beats per minute, and most of the ICD and cardiac resynchronization therapy devices were programed to zone 2 or zone 3 therapies (81%). The median follow-up duration was 19 months (interquartile range, 3-24 months). Among the entire cohort (n=326), 147 patients (45%) received an ICD therapy (ICD discharge or ATP), 83 patients (23%) had an ICD discharge (13% with an appropriate discharge and 10% with an inappropriate discharge), and 85 patients (22%) had ATP (11% with an appropriate ATP and 11% with an inappropriate ATP). When compared, PHIV had a higher ICD discharge rate and ATP compared with uninfected controls (Table 2) . On univariate analysis, cocaine use, a history of CAD, higher New York Heart Association class, longer QRS duration, a lower left ventricular ejection fraction, and a lower CD4 cell count were associated with ICD discharge among PHIV (Table 3) . On exact logistic regression analysis, cocaine use, history of CAD, higher New York Heart Association class, and QRS duration remained predictors of an ICD discharge among PHIV (Table 4) in a model inclusive of CD4 cell count.
The Effect of ICD Discharge on Subsequent Cardiovascular Events Among PHIV
Among PHIV, we tested the effect of an ICD discharge on subsequent cardiovascular mortality and 30-day HF admission/readmission. Cardiovascular mortality and HF admission rates were higher among those PHIV whose ICD discharged compared with PHIV whose ICD did not discharge ( Figure 5 ). On univariate analysis, cocaine use, a history of CAD, higher New York Heart Association class, QRS duration, a low left ventricular ejection fraction, and a lower CD4 cell count were associated with ICD discharge (Table S1 ). On exact logistic regression analysis, cocaine use, appropriate ICD discharge, history of CAD, use of b blockers, higher New York Heart Association class, and QRS duration were predictors of cardiovascular mortality (Table S2) .
Similar to the findings among PHIV, cardiovascular mortality and HF admission rates were higher among those non-HIV individuals whose ICD discharged compared with those whose ICD did not discharge ( Table S3 ), were compared. While comparing PHIV with an ICD prescribed ART with those not prescribed ART, a trend was observed with a higher ICD therapy rate as well as cardiovascular mortality and 30-day HF readmission rate among PHIV with an ICD not prescribed ART (Table S4) .
Discussion
We analyzed a registry of patients admitted with HF in a geographical area with a high background prevalence of HIV to characterize outcomes and predictors of outcomes among PHIV with an ICD. Our analyses yielded several key findings: (1) Compared with uninfected controls with an ICD, PHIV were more likely to have CAD and to use cocaine. (2) PHIV had almost double the ICD discharge rate compared with uninfected patients; this increase was seen for both an appropriate and an inappropriate ICD discharge. (3) Cocaine use among PHIV was a strong predictor of an ICD discharge. (4) Among PHIV, an appropriate ICD discharge was associated with a subsequent increase in cardiovascular mortality and HF admission. (5) The effect of an ICD discharge on subsequent cardiovascular mortality was consistent when stratified by sex, ethnicity, and race. Tseng and colleagues reported a 4-fold increase in SCD among PHIV. 1 This increased risk of SCD among PHIV in that study was associated with a diagnosis of HF or a cardiomyopathy. An ICD discharge is a surrogate for the risk for SCD. In findings that are supportive of those from Tseng and colleagues, 1 we report that ICD discharge rates were almost 2-fold higher among PHIV. The mechanisms involved in the increase in ICD discharge among PHIV have not been fully elucidated. Myocardial fibrosis may play a key role; it is a key pathophysiological driver for the development of cardiac arrhythmias, and both the presence and the extent of myocardial fibrosis are predictors of ventricular arrhythmias. 15, [18] [19] [20] At baseline, PHIV without HF have both an increase in the presence and extent of myocardial fibrosis.
21,22
For example, Holloway and colleagues detected late gadolinium enhancement, replacement myocardial fibrosis on MRI, in 76% of PHIV compared with 13% of controls. 21 In a complementary study, Thiara and colleagues found an increased extent of diffuse myocardial fibrosis among PHIV. 23 In addition, our cohort had HF, CAD, and increased rates of cocaine use, all of which are also associated with an increase in both the presence and extent of myocardial fibrosis. 24, 25 For example, late gadolinium enhancement has been reported in >30% of patients with a nonischemic cardiomyopathy and >80% of patients with an ischemic cardiomyopathy. 25 Cocaine use leads to heightened sympathetic tone, 26 blocks sodium channels, 26 and can lead to myocardial fibrosis. 24 The use of cocaine may also affect the prescription of standard HF medications, which reduce the burden of ventricular arrhythmias. Specifically, b blockers, a standard treatment for HF and SCD prevention, are occasionally held when cocaine use is suspected. 27, 28 In this cohort, b blockers were prescribed in >80% of individuals with HIV and among 86% of cocaine users. In the context of high rates of ART prescription and low rates of viral suppression, b-blocker medications played an unclear role in our findings. Moreover, this cohort is from a tertiary care center located in the South Central Bronx, NY. This is a region containing patients from diverse backgrounds but also from lower socioeconomic groups. This region has a high prevalence of illicit drug use and HIV compared with suburban areas with better socioeconomic status. The prevalence of cocaine use in our cohort is comparable to that reported in other contemporary observational clinical cohort studies from the same region (19%-30% among people without HIV and 40%-50% among PHIV).
29-31
During follow-up, an ICD discharge among PHIV had prognostic effects. Specifically, PHIV who had an ICD discharge had increased rates of cardiovascular mortality and 30-day HF admission. These findings of an increase in cardiovascular mortality and HF readmission with an ICD discharge were also noted among traditionally underrepresented groups, such as women, blacks, and Hispanics. In broad populations with an ICD, the cardiovascular mortality and HF readmission rates are reported to range from 15% to 22% and from 20% to 30%, respectively, over a similar duration of follow-up. 8, 32, 33 These event rates are similar to those reported in our non-HIV controls. In patients without HIV, repetitive ICD discharges are associated with recurrent hospitalizations, anxiety, and depression, and, whether appropriate or inappropriate, lead to a 2-to 5-fold increase in mortality, with the most common cause being HF. [34] [35] [36] This is compounded in this study population because individuals with HIV and HF have been previously demonstrated to have an increased risk at baseline of progressive HF. 7 Specifically, women with PHIV and HF were reported to have a rate of HF hospitalization 2.5 times that of uninfected controls with HF. 7 This increased rate of hospitalization was also noted to occur in association with an increased rate of cocaine use. Cocaine use is additionally important herein, as detailed previously, because it also increases the defibrillation threshold, 24, 37 leading to a reduced likelihood of response to a standard ICD discharge and an increase in mortality. There are limitations of this study that may affect the generalizability and interpretation of our findings. First, the cohort is a group of patients who were admitted to the hospital for acute decompensated HF; therefore, this is a population with a higher risk than a stable outpatient HF cohort and, perhaps, a population of ICD patients without HF. Second, a larger sample size with longer follow-up and more events may allow examination of additional associations with ICD discharge, including CD4 cell count or viral load. Therefore, it is unclear if, among PHIV with higher rates of viral suppression, the ICD discharge rate would be as high. Furthermore, the overall viral suppression rate in this study was 51%. This rate of viral suppression is comparable to other contemporary observational clinical cohort studies (suppression rates of 45%-62%) 1, 5, 38 and studies in this region (viral suppression rate of 58%), 39 but is lower than observed in more recent registries and clinical trials. [40] [41] [42] It is also possible that the PHIV with an ICD were sicker for other reasons, such as concomitant infections/lower CD4 cell count, and therefore more likely to have an ICD discharge. There are no comparative prior data on ICD discharge among PHIV; however, we can compare our findings from the uninfected control group to ICD discharge rates among people without known HIV. [43] [44] [45] We noted an ICD discharge rate of 23% among uninfected controls over 19 months of follow-up. This rate of ICD discharge among our uninfected cohort is modestly higher than published rates among contemporary populations of a similar age. For example, in a study of 194 006 patients with an ICD, Saxon and colleagues reported an ICD discharge rate of %18% over a similar follow-up period. 44 The mechanisms for the small differences in ICD discharge rate in our presumed uninfected population are unclear but are likely, in part, mediated by a high background prevalence of diabetes mellitus, 46 cocaine use, 26 and the lower rate of cardiac resynchronization therapy use. 47 Finally, the interpretation of the ICD data was derived from the EHR from the interpretation of a board-certified electrophysiologist and was not independently reviewed.
In conclusion, among PHIV with an ICD, with HF, the rates of ICD discharge are increased compared with those among uninfected controls. The increased rates of ICD discharge may be related, in part, to higher use of cocaine among PHIV. An ICD discharge had an effect on subsequent outcomes among PHIV. Specifically, an ICD discharge among PHIV was associated with markedly increased HF hospitalization and cardiovascular mortality. This population is at increased risk and warrants specific additional strategies to reduce ICD discharge rates. Future studies are required additionally among PHIV with an ICD who have not been hospitalized with HF because those hospitalized with HF represent a higher-risk group. 
